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Abstract. Measuring university performance is essential for efficient allocation and utilization of educational resources. 
In most of the previous studies, performance measurement in universities emphasized the operational efficiency and 
resource utilization without investigating the university's ability to fulfill the needs of its stakeholders and society.  
Therefore,  assessment of the performance of university  should be separated into two stages namely efficiency and 
effectiveness.  In conventional DEA analysis, a decision making unit (DMU) or in this context, a university is generally 
treated as a black-box which ignores the operation and interdependence of the internal processes.  When this happens, the 
results obtained would be misleading. Thus, this paper suggest an alternative framework for measuring the overall 
performance of a university by incorporating both efficiency and effectiveness and applies network DEA model. The 
network DEA models are recommended because this approach takes into account the interrelationship between the 
processes of efficiency and effectiveness in the system. This framework also focuses on the university structure which is 
expanded from the hierarchical to form a series of horizontal relationship between subordinate units by assuming both 
intermediate unit and its subordinate units can generate output(s). Three conceptual models are proposed to evaluate the 
performance of  a university. An efficiency model is developed at the first stage by using hierarchical network model. It 
is followed by an  effectiveness model which take output(s) from the hierarchical structure at the first stage as a input(s) 
at the second stage. As a result, a new overall performance model is proposed by combining both efficiency and 
effectiveness models. Thus, once this overall model is realized and utilized, the university’s top management can 
determine the overall performance of each unit more accurately and systematically. Besides that, the result from the 
network DEA model can give a superior benchmarking power over the conventional models. 
INTRODUCTION  
Today, there is a constant need to measure and quantify activities and performance at universities, while at the 
same time, these institutions have to comply with government mandates. Accordingly, universities need to gain 
deeper insight into their operations across many different faculties, divisions and critical business processes; to 
budget, to plan and to manage more effectively in order to achieve their mission. They are under continual pressure 
to find innovative, yet cost-effective ways to organize, use, and share information in the process to strengthen 
competitive advantage and improve the service delivery. There are a lot of issues that can be argued in measuring 
performance of a university especially in relation to both dimensions of performance namely efficiency and 
effectiveness. Most of the previous studies used the least cost solution that emphasizes quantity compared to quality 
and efficiency than effectiveness [1].  Therefore, an overall performance measurement model is needed to display 
recordable results and give a complete picture of the performance, which can initiate actions based on the 
measurement results.  
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Performance evaluation can be separated into efficiency and effectiveness managerially [2]. University 
efficiency can be measured in terms of the quantity of resources fully used by the university to produce maximum 
output or services. Meanwhile, effectiveness measured based on to the achievement of the university’s mission. For 
example, a university deemed to be ineffective when it failed to achieve its mission due to poor implementation of 
the plan or the failure of management to fulfil stakeholders’ needs and the inability to profit from the services that 
have been provided to them. As the number of university increases dramatically, performance measurement is 
currently used as one of the criteria to ensure that the expected level of efficiency and effectiveness is met.  
Data Envelopment Analysis (DEA) is the most popular method used to measure the performance of non-profit 
institutions such as hospitals, universities and schools. This is because the DEA is able to handle multiple input(s) 
and multiple output(s) without assuming priority to the monetary values for input(s) and output(s) [3]. Charnes et al. 
[4] developed the DEA that uses mathematical programming approach to measure the relative efficiency of peer 
decision making units (DMUs), which utilize multiple inputs to produce multiple outputs.  
Traditionally, DEA is treated as a black box where the inputs resources used to produce the outputs are 
considered in an evaluation and ignoring the operations of the internal processes. This may produce misleading and 
not accurate results because sometime the system measured as a efficient even when all its component processes are 
not efficient. In addition,  what factors that cause the inefficiency would be an issue, although DEA results would 
give suggestions on how to improve their performance. To resolve this situation, much effort has been devoted to 
divide the overall efficiency into two components known as two-stage DEA. So that, the sources of inefficient 
DMUs can be identified. In recent years, a number of studies have looked into the decomposition of DEA structure. 
For example, Banker et al. [5] break down the overall efficiency as a product of scale efficiency and technical 
efficiency. Fielding [6] further separated the three performance measures for a public transit system to technical 
efficiency, service effectiveness and technical effectiveness, and recently, Huang et al. [7] developed a modified 
two-stage model to measure productive efficiency, occupancy, and catering service effectiveness of Taiwan's 
international tourist hotels. 
Conventionally, breaking down the big operations into detailed processes will helps top management to identify 
the impact of input factors. Sometimes, there are many more complicated cases when an organization or firms 
separate the overall operation into more than two processes. Hence, the network structure was developed in the DEA 
framework to resolve this issue. There are various structures such as a series structure, parallel structure, hierarchical 
structure or a mixture of these. Out of all these structures, the hierarchical structure has been given less attention, 
even though the structure may exist in some organizations. According to Färe & Grosskopf [8], when these network 
structures and the DEA technique are combined to measure the efficiency of systems, a network DEA model is 
produced. This approach takes the operations and interdependence of the internal processes into consideration.  
If we look at the structure of the university, it is appropriate to use a hierarchical network structure because the 
university has four major functions namely teaching, research, publishing and consulting in meeting the needs of the 
society. And each of these functions can be broken down into several parts or subunits which are established at the 
second level. The large subunit may be further divided into several sub-subunits with different functions at the third 
level and this process may be continued to the next level in accordance with the requirements of the organizational 
structure of the university in measuring performance. Measurement of universities performance has been widely 
explored in the literature [9, 10, 11, 12].  However, most researches used the DEA model only for measuring the 
efficiency of the university, but not the effectiveness. The current research by Kao [13] applied hierarchical network 
systems to measuring efficiency of departments in a university. At the top level, input of personnel (X1) and 
expenses (X2) are allocated to departments (system) at Level 0, then these allocations were distributed to its 
subordinate unit (teaching, research and services) at the first level. The teaching unit is further divided into task at 
the undergraduate and postgraduate levels, which are known as subordinate units at the second level. The teaching 
unit consumes all the inputs distributed to it to produce the outputs which associated with variety of functions. The 
total credit-hours from undergraduate courses (Y1), number of graduates from undergraduate (Y2), total credit-hours 
from postgraduate courses (Y3), number of graduates from postgraduate (Y4), publication (Y5), grants (Y6) and 
income (Y7). Figure 1 illustrates the hierarchical structure of a department system by Kao [13]. 
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FIGURE 1.The hierarchical structure of the department system [13]. 
 
However, the hierarchical structure model of Kao [13] assumes that an intermediate unit does not directly 
produce output otherwise its subordinate units that produces the outputs. The aim of this study is to extend Kao’s 
work by assuming that each intermediate unit in the hierarchical structure may also produce an output. Sometimes, 
the university structure may form a special task force or ad hoc committees that shared functions and this situation 
form a horizontal connection of the subunits. Therefore, this study will also propose a model to measure the 
efficiencies of the units in such cases and how to identify relationships among them.  
In short, the aim of this study is to propose a model to measure the overall performance of a university by using 
the Data Envelopment Analysis (DEA) with a combination of hierarchical, and a series structure and two-stage 
network. The overall performance will take into consideration two identified performance dimensions which are 
efficiency and effectiveness in two simultaneous stages. At the first stage, the efficiency measurement model will be 
developed using a hierarchical and series structure and at the second stage, the effectiveness measurement model 
will be developed using a two-stage structure by assuming that the inputs at the second stage are the outputs from 
the first stage. Finally, the overall performance is measured by combining the efficiency and effectiveness models. 
DATA ENVELOPMENT ANALYSIS  
Data Envelopment Analysis (DEA) is a method to measure and compare the efficiency of homogenous set of 
units or decision making units (DMUs) such as local authority departments, schools, hospitals, shops, and bank 
branches. A DMU is an entity responsible to transform input(s) into output(s) and whose performance is to be 
measured. This model has been introduced by Charnes, Cooper, and Rhodes in 1978 [4]. The most basic DEA 
model is known as Constant Return to Scale (CCR) model and the efficiency of each DMU can be found by solving 
the mathematical linear programming, which is known as the multiplier form in DEA domain. 
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If there are n DMUs, the relative efficiency scores of the DMUs are computed by running the model for n times. 
Generally, a DMU is considered efficient if its score is one (1), but if the score is less than one (1), it is considered 
inefficient. Since the DEA has been widely applied to measure the relative efficiency of DMUs, many studies have 
explored the structure of the DEA model. Starting from the first stage [10,11],it is expanded to the second stage [14, 
15] and subsequently to various levels until the formation of the network DEA model with various structures and 
models [16, 17, 13]. 
This paper extends Kao (2015) [13] study to include several cases in hierarchical network structure in the DEA 
model that is not considered by Kao model. 
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CONCEPTUAL FRAMEWORK OF THE OVERALL PERFORMANCE 
MEASUREMENT MODEL OF A UNIVERSITY 
 
The formation of the model is separated into three stages where at the first stage we develop the efficiency model 
by combining the structures of a hierarchical and a series in the network DEA model. Subsequently, at the second 
stage, we develop the effectiveness model using two-stage structure. And lastly, we will develop the overall 
performance model by combining the two models namely the model of efficiency and effectiveness. Figure 2 shows 































Figure 2. Framework to measure the overall performance of universities. 
 
The first model will be developed is efficiency model. Management Encyclopedia defines efficiency as “doing 
things right”.  Israeli [18] indicated that efficiency is measure of how to produce maximum production by using 
minimum input.  This study defines efficiency as how well resources (human, physical and financial resources) of 
the transformation process are utilized (educational opportunities) and balancing input and output. In general 
definition of efficiency is as follow: 
 
Then, in order to develop the efficiency model, this study will be use hierarchical system. In the hierarchical 
structure, there are several levels and each DMU must have the same number of the first level units that performing 
distinctive function. Beginning at the first level, if the unit has subordinate units at a lower level, other DMUs must 
have the same number of subordinate units as well. At the top level, level 0, input that has been allocated to a 
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university or system to be used and it will be distributed to its subordinate units at the first level. Similarly, the first 
level of each unit will distribute the input it receives to its subordinate units at the second level. If there is a unit that 
has no subordinate unit, then it will use all the input that was given to it to be transformed into output. Figure 3 is an 




FIGURE 3. A hierarchical system of three levels [13]. 
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However, if there are several processes connected in sequence in a system, and each process will use the external 
input which will form an intermediate product that produced by the preceding process, then this intermediate 
product will be used as inputs to produce second output(s) and this process will continue until the last output(s) or 
outcome(s) produced. This type of structure is called as a series structure which is a generalization of the general 
two-stage.  
Therefore, at the second stage, we will develop effectiveness model using two-stage structure. Management 
Encyclopaedia defines effectiveness is about “doing the right thing”.  While Neely et al. [19] and Israeli [18] 
defining the effectiveness as focus to extend the final outcome which the organization goal are achieve. Therefore, 
this study defines effectiveness is as follow: 
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Therefore, the overall performance measurement will be developed at the last stage by integrating of the efficiency 




An Example of a Framework to Measure the Overall Performance of Universities 
The administration of a university usually has a hierarchical and series structures.  Figure 4 illustrates the 
hierarchical and series structure of the university system. At the top level of the hierarchical structure, three main 
inputs (expenses, personnel and age of university) will be allocated to the university to be  distributed to major 
functions of a university namely teaching, research and services at at level one. Teaching efficiency is relates to the 
number of programme offer. Then, that programme offered will further be divided into task for undergraduate and 
postgraduate level. Therefore, the outputs yield from undergraduate and postgraduate teaching are the number of 
undergraduate and postgraduate students graduating in a year and the sum of credit-hours taught for both 
undergraduate and postgraduate courses. Extended decomposition hierarchical structure are the number of 
programme offerred (intermediate unit) can directly generate their output which is the number of program accredited 
by professional bodies. Meanwhile, research activities need to share input from teaching activity (postgraduate) to 
generate the outputs (publication and the amount of grants). In addition, universities are also expected to organize 
other societal activities,  such as conferences and training activities. This conference activity needs to share input 
from research activities to produce conference income. And then, training activities such as consultation activities 
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TABLE 1. Input and Output Variable for both efficiency and effectiveness measurement. 
Efficiency Effectiveness 
Input               Output Quality of outcome 
Main input: 
x1 : Expenses  
x2 : Personnel  





: No. of program offer 
: Conference 
: Training 
: Undergraduate  
: Postgraduate 
    
 
: No. of program accredited by 
professional bodies 
: No. of undergraduate students 
graduating 
: Total credit-hours taught for 
undergraduate courses 
: No. of postgraduate students 
graduating 
: Total credit-hours taught for 
postgraduate courses 
: No. of publication 
: The amount of grants 
: The income received from      
conference 
: The income received from 
training 
 
: Graduates’ (undergraduate) 
employment rate (%)  
: Employers satisfaction 
: Graduates’ (postgraduate) 
employment rate (%) 
: Impact journal 
 
 
  Table 1 shows the proposed input and output variables for each measurement of efficiency and effectiveness.  
This type of analysis would help the management of the university to see the effectiveness of the university in 
meeting their stakeholders’ needs. Lastly, the overall performance of the university will be proposed. 
DISCUSSION 
The proposed performance model and framework would contribute as an alternative approach in measuring 
performance of a university in Malaysia specifically. This model is expected to help the management of a university 
to evaluate efficiency, effectiveness and its overall performance. The next task is to test the workability of the model 
in a case study. If the data are not available, proxy data have be defined, and efficiency model will be formulated 
first, followed by the formation of the effectiveness model. Both models will be developed based on network DEA 
methodology. After that, the overall model will be formed by combining both models as a network DEA model. The 
overall performance model offers a different perspective as well as an alternative means to look into university’s 
performance.  Besides that, the proposed model can serve as a complement to the existing performance mechanisms 
for continual growth or renewal of their organization. 
 
CONCLUSION 
As a conclusion, this study attempts to enhance the current methodology of hierarchical network systems using 
Data Envelopment Analysis. The structure of hierarchical network DEA model will be improved when it have some 
case in which the unit of hierarchical structure is connected horizontally form with another units to form a network 
structure. After that the new network DEA model will be integrated to measure the overall performance of 
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